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INTRODUCTION 

Power generat ing f a c i l i t i e s  which use coa l  face  several  problems caused by 
the  na ture  o f  t h e  f u e l .  O f  these problems, f i r e s i d e  f o u l i n g  and depos i t i on  i s  of 
major  importance. 
e f f i c i e n c y .  Determinat ion o f  when a coa l  o r  b lend o f  coa ls  w i l l  cause 
s i g n i f i c a n t  s lagg ing  problems i s  ext remely important.  
mechanisms behind f i r e s i d e  depos i t i on  due t o  coa l  b lend ing  i s  t he  focus here (1). 

nor theas t  generat ing f a c i l i t y .  The problem arose when t w o  Wyoming, subbi tuminous 
coa ls  were blended. 
cause on ly  moderate f i r e s i d e  depos i t i on  when burned separately.  Any b lend o f  t h e  
two coa ls  causes more b o i l e r  depos i t i on  and f o u l i n g  than e i t h e r  pure  coa l ,  based 
on observat ions by PSO's engineers (2). The b lend which r e s u l t s  i n  t h e  most 
severe f i r e s i d e  d e p o s i t i o n  i s  approximately 75% JR-25% CP. 
b lending e l i m i n a t e s  t h i s  problem, i n  some circumstances opera t i ng  cond i t i ons  
r e q u i r e  the  use o f  b lended coals. 

coa ls  are compatible. Lee and Whaley (3) examined t h e  m o d i f i c a t i o n  o f  combustion 
and f l y -ash  c h a r a c t e r i s t i c s  due t o  the  b lend ing  o f  coals.  
p o t e n t i a l  ope ra t i ona l  problems due t o  t h e  b lending can be minimized o r  avoided b y  
c a r e f u l  de te rm ina t ion  o f  coa l  and coal ash p r o p e r t i e s  be fo re  usage. Oooley and 
Chacinski (4) agreed on no t  us ing  emp i r i ca l  s lagg ing  c o r r e l a t i o n s  t o  p r e d i c t  
blended coal  s lagg ing  propensi t ies.  To f u r t h e r  support  t h i s ,  a number o f  t h e  
standard s lagg ing  i n d i c e s  (5) have been evaluated w i t h  t h e  a v a i l a b l e  da ta  on 
Jacob's Ranch and C l o v i s  Po in t  coals. 
standard i n d i c e s  desc r ibe  t h e  problem as observed by PSO's engineers. 

t h e  one used i n  t h i s  study, i s  one analogous t o  r e a c t i o n  order  theory.  

EXPERIMENTAL DATA 

F i r e s i d e  depos i t i on  a f f e c t s  b o i l e r  a v a i l a b i l i t y  and opera t i ng  

The p r o p e r t i e s  and 

Such a problem occurred a t  t h e  Pub l i c  Serv ice Company o f  Oklahoma's (PSO's) 

These two coals,  Jacob's Ranch (JR) and C lov i s  Po in t  (CP) 

A1 though avo id ing  

When b lend ing  coals,  ca re  must be taken t o  determine I f  t h e  two ( o r  more l  

They concluded t h a t  

As Table I summarizes, none o f  t h e  

As a r e s u l t ,  a new approach seems t o  be necessary. A poss ib le  approach, and 

There i s  c e r t a i n  da ta  t h a t  i s  necessary i n  eva lua t i ng  t h e  p r e d i c t i v e  method 
t o  be employed i n  t h i s  study. A proximate ana lys i s  o f  bo th  coa ls  (Jacob's Ranch 
and C lov i s  P o i n t )  i s  g i ven  i n  Table I! (6). 
i n t e r e s t  i n  t h e  approach used here are t h e  coal  ash compositions. There are  two 
d i f f e r e n t  se ts  of  coa l  ash composi t ion data,  one i s  an independent ana lys i s  
conducted by Wi l l i ams  Brothers Laboratory  (6), t h e  o t h e r  i s  t h e  ana lys i s  a t  
OSU. 
d i f f e ren t  b lends o f  t h e  two coa ls  i s  presented i n  Table I V .  

The da ta  t h a t  w i l l  be o f  most 

This da ta  i s  presented i n  Table 111. The ana lys i s  o f  t h e  ash from 
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GENERAL APPROACH 

The approach se lected t o  p r e d i c t  t he  observed problem i s  s i m i l a r  t o  r e a c t i o n  
r a t e  theory. 
component B, then a r e a c t i o n  analogy appl ies.  
components i s  modeled as i f  i t  were a reac t i on  w i t h  a r a t e  e ua t i on  g iven by: 
aA + bB + Products ( r e a c t i o n  o r  i n t e r a c t i o n ) ;  Rate a [A]" [B;fm ( r a t e  
expression). Where n and m are exponents on the  concentrat ions o f  reactants  A 
and B, respec t i ve l y .  The o rde r  o f  t he  i n t e r a c t i o n  i s  g iven by n + m. There a re  
c e r t a i n  unknowns here t h a t  need t o  be se lected o r  determined by t r i a l  and e r ro r .  

DISCUSSION 

I f  one coal i s  r i c h  i n  component A and the  o the r  coal i s  r i c h  i n  
An i n t e r a c t i o n  between two 

The general d e s c r i p t i o n  o f  t h e  depos i t i on  problem leads immediately t o  a 
conceptual form o f  t he  des i red slagging c o r r e l a t i o n  (F igu re  1). The problem i s  
how t o  p r e d i c t  such a dramat ic change i n  t h e  s lagging p roper t i es  o f  t h e  coal 
burned as t h e  %Jacob's Ranch i n  t h e  b lend changes w i t h  the numerous v a r i a b l e s  
t h a t  are as o f  y e t  undefined. The most press ing problem i s  the  s e l e c t i o n  o f  t h e  
data t o  be used as concentrat ions. F ind ing actual  concentrat ions i n  such a 
s i t u a t i o n  i s  impossible, so some means o f  f i n d i n g  r e l a t i v e  o r  pseudo 
concentrat ions i s  necessary. The weight percents  o f  oxides i n  t h e  ash represent  
r e l a t i v e  concentrat ions.  
equation resolves t w o  o f  t he  unknowns. 
be addressed, s ince  i t  has been shown t h a t  o v e r a l l  f i r s t  order i n v o l v i n g  e i t h e r  
sodium o r  i r o n  ( h i s t o r i c a l l y  t h e  most impor tant  elements i n  s lagging)  has n o t  
been successful.  An o v e r a l l  second order  has been se lected f o r  a p p l i c a t i o n  i n  
t h i s  study. The most reasonable values f o r  n and m i n  t h i s  scheme are one. The 
f i n a l  problem i s  i n  determin ing A and B, t h e  coal and coal ash cons t i t uen ts .  The 
se lec t i on  o f  A and B i s  not  obvious and w i l l  be determined v i a  t r i a l  and e r r o r  
w i t h  those r e s u l t i n g  i n  .the des i red  p r o f i l e  considered fu r the r .  The i n t e r a c t i o n s  
w i l l  be p l o t t e d  as a f u n c t i o n  o f  t he  percent Jacob's Ranch i n  t h e  blend. 
a v a i l a b l e  t h e  ac tua l  b lend data p o i n t s  w i l l  a l so  be i nc luded  on the  graph t o  
compare the p red ic ted  va lue w i t h  t h e  actual  data. 

simplest i s  t o  assume t h a t  the r e l a t i v e  amounts o f  ash con t r i bu ted  by each coal 
a r e  the same. This  means t h a t  t he  i n t e r a c t i o n  i s  j u s t  t h e  product o f  t h e  va lues 
determined fo r  the percentages o f  t he  oxides i n  the  ash. 1 more r e a l i s t i c  
approach i s  t o  employ an ash c o r r e c t i o n  f a c t o r  t o  account f o r  t h e  two coa ls  have 
d i f f e r i n g  ash contents. Th is  c o r r e c t i o n  f a c t o r  i s  based on equal weights o f  t h e  
coals  ( o r  b lends)  being burned. A f u r t h e r  c o r r e c t i o n  may be used t o  account f o r  
d i f f e r i n g  heat ing values f o r  t he  coals  t o  produce the same heat output. A l i n e a r  
r e l a t i o n s h i p  between t h e  pure coal heat ing values f o r  t he  heat ing values o f  
blends has been used. The actual e f f e c t  o f  t h i s  c o r r e c t i o n  f a c t o r  w i l l  be t o  
s h i f t  t h e  cu rve  towards t h e  Clevis. Point  a x i s  (0% JR). 

Those curves w i th  the  des i red p r o f i l e  are shown i n  Figures 2 through 5. 
Table V summarizes the  i n t e r a c t i o n s  t h a t  showed t h e  des i red  p r o f i l e  f o r  any one 
of the above methods. 
sodium o r  i ron.  These elements have been considered most i n f l u e n t i a l  i n  t h e  
format ion of f i r e s i d e  deposits. 
pure coals. 

Using these values as t h e  concentrat ions i n  t h e  r a t e  
The problem o f  i n t e r a c t i o n  order  needs t o  

Where 

There i s  more than one bas is  t o  c a l c u l a t e  these i n t e r a c t i o n s .  The f i r s t  and 

Those i n t e r a c t i o n s  t h a t  a re  o f  most i n t e r e s t  i n v o l v e  

Hence, these i n t e r a c t i o n s  support work done w i t h  
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CONCLUSIONS 

This work i s  p r e l i m i n a r y  and invo lves  on ly  t h e  two coa ls  used a t  PSO where 
t h e  b lend ing  problem was observed. 
necessary. However, t h e  r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  an o v e r a l l  second o rde r  
reac t i on  analogy can show an optimum as a f u n c t i o n  o f  coa l  b lend which p rev ious  
s lagg ing  p r e d i c t i o n  methods cou ld  no t  do. 
i n t e r a c t i o n  f o r  o the r  b lend ing  problems i n  hopes o f  ob ta in ing  a c o r r e l a t i o n  which 
w i l l  be p r e d i c t i v e  f o r  any coal  blend. 
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TABLE I 
STANDARD SLAGGING CORRELATION SUMMARY 

Wi l l iams Brother  Data This Study HTA Data 

Index JR Blends CP JR Blends CP 

S i l i c a  R a t i o  MS MS MS HS HS HS 
%Na20 MS MS/HS HS MS MS/HS HS 

LS LS LS ss ss ss 
MS MS MS MS HS HS 

Fs'  LS LS LS LS LS LS 

%Fe 03. LS LS LS LS LS LS 

Fj/ a 
Na fqui  Val e n t  LS LS LS LS LS LS 

ND = Not Determined 
LS = Low Slagging 
MS = Medium Slagging 
HS = High Slagging 
SS = Severe Slagging 
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TABLE I 1  
PROXIMATE ANALYSIS OF PURE COALS 

I 

Analys is  (wt%)  

Moisture 
Vol Mat ter  
Ash 
Fixed Carbon 
H.H.V. B tu / l b  

Ana lys is  ( w t % )  

Mo i s t u r e  
Vol. Ma t te r  
Ash 
Fixed Carbon 
H.H.V. B tu / l b  

Jacob's Ranch 

As Received Mois ture Free 

**** 25.44 
36.55 49.02 

6.81 9.13 
31.70 41.85 

C lov i s  Po in t  

8,863 11,886 

As Received Mois ture Free 

**** 31.32 
33.85 49.28 
6.14 8.94 

8,014 11,668 
28.69 41.78 

Mois ture and Ash Free 

**** 
53.95 

46.05 
13,081 

**** 

Moisture and Ash Free 

**** 
54.11 **** 
45.89 

12,813 

Data from Wil l iams Bro thers  Laborator ies 

TABLE I11 
JACOB'S RANCH ASH ANALYSIS 

-~ ~ 

Component Wi l l iams Bro thers  Th is  Study HTA 

I 

~ 

I r o n  as % Fe203 
Calcium as % CaO 
Magnesium as % MgO 
Sodium as % Na2O 
Potassium as % K20 
S i l i c o n  as % Si02 
Aluminum as % A1 O3 
T i tan ium as % Ti62 
Phosphorus as % P2O5 
Su l fu r  as % SO3 
% Ash i n  t h e  Coal 

N.D. = Not Determined 
t = By D i f f e rence  

7.15 
14.22 
3.15 

1.37 
46.38 
13.81 

1.15 

0.68 

1.11 
6.05 
6.81 

5.93 
19.43 
4.75 
0.76 
0.33 

45.45t 
15.04 

N.D. 
N.D. 
N.D. 
6.40 
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TABLE 111 
(Continued) 

C lov i s  Po in t  Ash Analys is  

Component W i  11 iams Brothers This  Study HTA 

I r o n  as X Fez03 
Calcium as X CaO 
Magnesium as % MgO 
Sodium as % Na20 
Potassium as % K20 
S i l i c o n  as % S i02  
Aluminun as % A1 O3 
Titanium as % T i &  
Phosphorus as % P;05 
S u l f u r  as % SO3 
% Ash i n  t h e  Coal 

4.29 
14.64 

3.12 
1.08 
1.45 

50.24 
13.55 

0.95 
1.56 
4.53 
6.14 

3.94 
21.93 

5.58 
1.66 
0.10 

44.71t 
15.04 

N.D. 
N.D. 
N.D. 
7.0 

N.D. = N o t  Determined * = N e g l i g i b l e  
t = By D i f f e r e n c e  

TABLE I V  
ASH COMPOSITION OF SELECTED BLENDS 

a)  High Temperature Ash (HTA) 

Component 100%JR 75UR-25XCP 509bJR-50XCP 25%JR-75%CP lOO%CP 

5.93 4.72 
19.43 20.14 

4.75 5.15 
0.76 1.04 
0.33 0.27 

45.45t 46.21 t 

::ao3 
Mg 0 

15.04 14.76 
N.D. N.D. 
N.D. N.D. 
N.D. N. D. 

4.49 
20.62 

5.25 
1.18 
0.22 

45.52t 
15.04 

N.D. 
N.D. 
N.D. 

3.94 
21.15 
5.35 
1.44 
0.16 

45.40t 
15.04 

N. D. 
N.D. 
N.D. 

3.94 
21.93 

5.58 
1.66 
0.10 

44.71t 
15.04 

N.D. 
N.D. 
N.O. 

* = N e g l i g i b l e  
t = By D i f f e r e n c e  
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TABLE V 
POSSIBLE INTERACTIONS FOR SLAGGING PREDICTION 

I n t e r a c t i o n  Wi l l iams Bro thers  Oata This Study HTA 

Uncorr. Ash Corr. Heat Corr. Uncorr. Ash Corr. Heat Corr. 

Na * Fe OP OP DP NP NP NP 
Na * K NP NP NP DP DP DP 
Fe * P NP NP NP DP UP UP 
Na Scoal  NP DP NP NP NP NP 
Na * Sash NP UP NP NP ND NP 

NP = No Peak 
OP = Desired P r o f i l e  
UP = Undesired P r o f i l e  

5 4 . 5  5 . 0 1  

; 2 . 0 1  / 
\ 
\ 

4 "J/ \ 

0 10 20 30 40  50 60 70 BO 90 100 

PERCENT JACOBS RAtICH 

Figure 1. Deslred Slagging Index Profile as a Function of Blend 
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F igure  4.  k h  Corr. 2nd Order Interaction of Na and S(coal)  
(WiI I lans Brothers Data) 
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Heat  Corrected 2nd Order I n t e r a c t i o n  of Fe and P 
( W l l l l a s  Brothers Data)  
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F l g u r e  2. Uncorrected 2nd Order I n t e r a c t i o n  of Na and Fe 
( W i l  I lms Brothers Data) 
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F i g u r e  3. Uncorrected 2nd Order l n t e r a c t l o n  of  Na and K 
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